Objective: Adults with childhood-onset (CO) craniopharyngioma (COCP) have poor quality of life (QoL) and clinical outcomes, but few studies have compared these patients with adults with other causes of CO hypothalamic-pituitary dysfunction. In this study, we compared baseline clinical characteristics and patient-reported outcomes before starting GH replacement therapy in adults with GH deficiency (GHD) due to COCP with those of adults either with CO idiopathic/congenital hypopituitarism (COH) or with CO extrasellar (COE) tumours, and evaluated the 1-and 5-year effects of GH replacement therapy. Subjects and methods: Retrospective analysis of the data recorded in KIMS (Pfizer International Metabolic Database) was carried out. Patients with COCP, COH and COE tumours were evaluated at baseline, and after 1 and 5 years of therapy. Results: Compared with COH and COE patients, more COCP patients underwent surgery, had greater abnormalities of body composition and higher prevalence of pituitary hormone deficits (all P!0.001), but comparable fasting glucose, HbA1c, total cholesterol and LDL-cholesterol levels, marital status, parenthood, living arrangements, education, employment and annual sick-leave days. After 1 and 5 years of GH replacement therapy, similar changes were evident with regard to body composition, fasting glucose and HbA1c levels, QoL, and the level of and satisfaction with physical activity across the three groups. Conclusions: Adults with untreated COCP with GHD at baseline demonstrated more co-morbidities including greater abnormalities of body composition, pituitary hormone deficits and visual field defects. Overall, adults with COCP, COH and COE tumours responded comparably to short-and long-term GH replacement therapy, suggesting that patients with GHD due to COCP benefited from GH replacement therapy to a similar degree as those with other causes of CO hypothalamic-pituitary dysfunction did.
Introduction
Craniopharyngioma is the most common tumour to affect the hypothalamic-pituitary region in children, accounting for 5.6-13% of all paediatric intracranial tumours (1) . Although histologically benign, most patients with craniopharyngiomas (85-90%) have significant pituitary hormone deficits (2, 3) with growth hormone (GH) deficiency (GHD) being the most common (54-100%) (4), and have decreased quality of life (QoL) with significant psychosocial and neurocognitive impairment (3) . Previous studies have reported that patients with craniopharyngiomas not only have three-to fivefold higher morbidity and mortality rates compared with the general population (3, 5) , but also have higher morbidity and mortality rates compared with patients with other causes of hypopituitarism, namely those with non-functioning pituitary adenomas (6) .
Surgical resection is the primary treatment modality for patients with childhood-onset (CO) craniopharyngioma (COCP), and radiotherapy is usually considered when surgical resection is incomplete or not feasible. Due to the propensity for local recurrence of the tumour, more extensive and/or multiple surgeries and/or radiotherapy is frequently advocated, which often results in hypothalamic-pituitary dysfunction in these patients. Hypothalamic damage has been implicated as the main risk factor for obesity in patients with COCP (7) , and the increased cardiovascular risk and poor QoL have been reported to be related to both obesity and GHD (3, 8) in these patients. In addition, GHD due to COCP has been reported to increase the risk of metabolic syndrome (9) .
Few studies, however, have compared the clinical characteristics and patient-reported outcomes (PROs) of adults with COCP with those of patients with other causes of CO hypothalamic-pituitary dysfunction. Furthermore, the impact of hypothalamic damage on clinical characteristics and PROs is difficult to differentiate from that of GHD per se in COCP patients in adulthood. While the benefits of GH replacement therapy in children and adults with GHD are well recognised, adults with GHD due to craniopharyngioma in these studies have been analysed together with patients with other aetiologies of intracranial tumours (10) , making it difficult to ascertain whether there were any differences in tumoural behaviour per se and/or in their response to GH replacement therapy.
Therefore, the first aim of this study was to examine the effects of surgery and/or radiotherapy and GHD per se on the clinical characteristics and PROs of COCP patients. To delineate the effects of surgery and/or radiotherapy, we compared COCP patients with CO idiopathic/congenital hypopituitarism (COH) patients (surrogate group for no hypothalamic-pituitary surgery and no radiotherapy), whereas to determine the effects of GHD per se, we compared COCP patients with those with CO extrasellar (COE) tumours who had intracranial tumours distant from the hypothalamic-pituitary region (surrogate group for no hypothalamic-pituitary surgery, but with extrasellar surgery and radiotherapyinduced GHD). The second aim of this study was to evaluate the short-and long-term effects of GH replacement therapy in these three groups of patients.
Subjects and methods

Patients
Data of patients for whom 1-year (nZ805) and 5-year (nZ390) follow-up was available were extracted from KIMS (Pfizer International Metabolic Database), the largest pharmacoepidemiological surveillance study on GH replacement therapy in adults with GHD of various aetiologies (11) . The patients enrolled between 1994 and 2011 were mainly from Europe (nZ767, 95.3%). The study cohort comprised of patients with COCP and two groups of age-and sex-matched patients with COH and COE tumours. Diagnostic procedures were carried out according to the medical standards at each centre, and information about primary diagnosis was dependent upon the reporting of the investigators at these centres. While 16% of the patients were never treated with GH, 84% of the patients were previously treated with GH, but had discontinued GH therapy at least 6 months prior to the baseline visit, defined as time of their enrolment into KIMS. All patients had GHD confirmed by GH stimulation testing (in COH patients, the GH stimulation test was carried out at least 4 weeks following the discontinuation of GH therapy after final height was determined) or had at least three pituitary hormone deficits and a low serum insulin-like growth factor 1 (IGF1) SDS of !K2, in accordance with current consensus guidelines (12, 13) . The data collection into KIMS was approved by the Institutional Review Boards/Ethical Committees as required by local regulations in each participating country. Written informed consent was obtained from all the patients before any data were entered into KIMS.
Methods
In this study of COCP, COH and COE patients, two separate analyses were carried out: i) cross-sectional analysis comparing clinical characteristics, anthropometry, laboratory parameters, QoL and PROs such as personal and societal functioning and ii) longitudinal analysis of changes in anthropometry, metabolic profile and PROs after 1 and 5 years of GH replacement therapy.
From 1994 to 1997, measurements of serum IGF1 levels were carried out at Kabi Pharmacia (Stockholm, Sweden) and thereafter at Sahlgrenska University Hospital (Gothenburg, Sweden), using the following assay methods: until November 2002, RIA after acid/ethanol precipitation of IGF-binding proteins (Nichols Institute Diagnostic, San Clemente, CA, USA); until September 2006, chemiluminescence immunoassay (Nichols Advantage System); and after September 2006, Immulite 2500 (DPC Siemens, Erlangen, Germany) (14) . Intra-assay, inter-assay and total coefficients of variation were !9% in the concentration range of 125-1046 mg/l. The assay detection limit was 13.5 mg/l. To make comparisons between IGF1 measurements valid and meaningful, age-and genderspecific reference ranges, as well as statistical formulae for each of the methods, were used to calculate an IGF1 SDS for each patient (15, 16) . Lipid profiles were measured centrally as described previously (17, 18) , while plasma glucose and haemoglobin A1c (HbA1c) levels were analysed locally at each participating centre.
QoL was assessed using the QoL-assessment of GHD in adults (QoL-AGHDA), with high scores (maximum of 25) denoting poorer QoL (19) . Other PROs such as information about personal situation, social functioning, annual sick-leave days and healthcare utilisation were self-reported in the KIMS Patient Life Situation Forms (KIMS PLSF) (20) . The level of and satisfaction with physical activity were measured using visual analogue scales, and satisfaction with GH treatment was assessed using a five-point Likert scale. The GH dose was titrated based on clinical response, occurrence of side effects and serum IGF1 levels to the upper half of the age-dependent laboratory reference range at the discretion of the treating clinician. The GH dose was analysed as the dose reported to KIMS at baseline and after 1 and 5 years of treatment.
Statistical analyses
Statistical analyses were carried out using the Statistical Analysis System (SAS Institute, Inc., Cary, NC, USA). Baseline parameters between COCP vs COH patients and COCP vs COE patients were compared using unpaired t-tests for normally distributed data or using the Wilcoxon rank-sum test for non-normally distributed data. Treatment effects within groups after 1 and 5 years of GH treatment compared with baseline were analysed using paired t-tests and those between groups using unpaired t-tests for normally distributed data or using the Wilcoxon rank-sum test for non-normally distributed data. Comparisons of proportions were analysed using Fisher's exact test or the c 2 test as appropriate. Multiple comparisons were made for the three groups, and statistical significance was accepted at P!0.01 to correct for these comparisons.
Results
Cross-sectional analysis
Clinical characteristics and medical history of patients at enrolment into KIMS The three groups of patients were well matched for age and gender. Primary diagnoses for the COH and COE groups are given in Table 1 . The estimated duration of GHD was comparable between the COCP and COE groups, while the COH group had the longest duration.
Compared with COE patients, more COCP patients were treated by surgery alone, but fewer were treated by combined surgery and radiotherapy or radiotherapy or chemotherapy alone. Patients with COCP had more pituitary hormone deficits compared with COH and COE patients, with the most striking difference being observed for diabetes insipidus. Tables 2 and 3 ). The proportion of fat mass was highest (COCP 36.7%, COH 28.8% and COE 35.2%) and lean body mass was lowest (COCP 63.3%, COH 71.2% and COE 64.8%) in COCP patients when compared with those in COH and COE patients. Fat mass and lean body mass were higher in male and female COCP patients compared with those in male and female COH patients and were higher in male COCP patients compared with those in male COE patients (between-group gender comparisons). By contrast, when the anthropometric parameters were analysed according to gender within groups (within-group gender comparisons), there were no differences between males and females within all the three groups.
At baseline, starting GH doses were similar for all the three groups, while IGF1 SDS of COCP and COH patients were lower compared with that of the COE group. With regard to lipid profiles, there were no differences in all the three groups for total cholesterol and LDLcholesterol levels and no differences in HDL-cholesterol and triglyceride levels between COCP and COE patients, but COCP patients had lower HDL-cholesterol and higher triglyceride levels compared with COH patients. By contrast, there were no differences in fasting glucose and HbA1c levels and QoL across all the three groups.
In addition, there were no differences in marital status, parenthood, living arrangements, education, employment and annual sick-leave days among the three groups. However, a higher proportion of COCP patients required assistance with daily activities and a greater number of annual hospital admission days compared with COH patients.
Longitudinal analysis after 1 and 5 years of GH replacement therapy
General After 1 and 5 years of therapy, data were available for 805 and 390 patients respectively ( Table 4 ). Despite comparable doses of GH after 1 year in all the three groups, lower IGF1 SDS were observed in COCP patients compared with COE patients, but after 5 years of therapy, higher GH doses were required in COCP patients compared with COE patients to achieve comparable IGF1 SDS in all the three groups (Fig. 1) .
Changes in anthropometric and biochemical parameters, QoL, and personal and societal functioning
Within-group analysis. After 1 year of therapy, weight and BMI increased in female COCP and male COH patients, whereas waist circumference and fat mass remained unchanged in both genders in all the three groups (Table 4 ). After 5 years of therapy, weight and BMI increased in both male and female COCP patients and in male COH and COE patients, and weight increased in female COH patients. By contrast, waist circumference and fat mass remained unchanged in both genders in all the three groups after 1 and 5 years of therapy. Lean body mass increased in male COCP and COH patients and in female COE patients after 1 year of therapy and in female COCP patients after 5 years of therapy.
After 1 year of therapy, GH doses and IGF1 SDS increased in all the three groups. Total cholesterol levels decreased in COCP and COH patients and LDLcholesterol levels decreased in COCP patients, whereas HDL-cholesterol and triglyceride levels remained unchanged in all the three groups. Fasting glucose levels increased in COCP and COH patients and HbA1c levels decreased significantly in COCP patients, whereas QoL and the level of and satisfaction with physical activity improved in all the three groups. After 5 years of therapy, GH doses and IGF1 SDS increased in all the Table 4 Changes in anthropometric and biochemical parameters, QoL-AGHDA scores, and personal and societal functioning (KIMS PLSF scores) after 1 and 5 years of GH replacement therapy. Data are presented as mean (S.D.). A greater reduction in QoL-AGHDA scores indicates greater improvement in QoL. For the level of and satisfaction with physical activity, scores were measured using visual analogue scales, where 0 indicates the lowest level of satisfaction and 100 indicates the highest level. Satisfaction with GH treatment was assessed using a five-point Likert scale ranging from much worse to much improvement.
After 1 year
After 5 years Between-group analysis. After 1 and 5 years of therapy, there were no differences in changes in weight, BMI, waist circumference, fat mass and lean body mass among the three groups, and neither were there any differences among the three groups when analysed by gender. After 1 and 5 years of therapy, compared with COH and COE patients, COCP patients had comparable changes in IGF1 SDS, lipid profile, fasting glucose and HbA1c levels, QoL, and the level of and satisfaction with physical activity.
Discussion
In this study, we sought to compare adults with COCP with those with other causes of CO hypothalamicpituitary dysfunction with regard to clinical characteristics, QoL and PROs and evaluated the effects of short-and long-term GH replacement therapy in these subjects. We found that COCP patients were taller and had a gender-independent poorer state of body composition and a higher BMI, more pronounced pituitary hormone deficits, and more frequent rates of visual field defects compared with COH and COE patients. By contrast, total cholesterol and LDL-cholesterol, fasting glucose, and HbA1c levels, QoL, marital status, parenthood, living arrangements, education, employment and number of annual sick-leave days taken annually were comparable across the three groups. Overall, all the three groups of patients responded comparably to short-and long-term GH replacement therapy, suggesting a similar extent of treatment benefit. In line with previous studies (8, 21) , we found that COCP patients were taller and had higher fat mass proportions and waist circumference that fulfilled the criteria for central obesity (22) compared with COH and COE patients. The reason for COCP patients being taller is unclear, but the higher BMI in these patients is probably due to the greater contribution of fat rather than lean body mass. As the majority of COCP patients underwent surgery in the hypothalamic-pituitary region of the brain, these patients are prone to develop hypothalamic damage that may subsequently worsen their metabolic profiles compared with COH and COE patients and may also be more susceptible to develop postoperative epilepsy, visual field defects and ophthalmoplegia compared with COH patients.
Earlier studies in COCP patients have reported that pituitary hormone deficits occur in 40-87% of the cases (23) . In this study, pituitary hormone deficits were more prevalent in COCP patients than in COH or COE patients, which may either be induced or be worsened by surgery and/or radiotherapy to the hypothalamicpituitary region (21, 24) . This is in contrast to that observed in COE patients, who had lower rates of pituitary hormone deficits, where surgery and/or radiotherapy were directed to areas of the brain distant from the hypothalamic-pituitary region, suggesting that the severity of pituitary hormone deficits is more dependent on the location of the tumour and its treatment.
In this study, baseline lipid profiles were comparable between COCP and COE patients, but COCP patients had lower HDL-cholesterol and higher triglyceride levels compared with COH patients. Notably, QoL assessments were comparable across all the three groups, but personal situation and social functioning were worse in COCP patients compared with COH patients, with more COCP patients requiring assistance with daily activities and increased annual hospitalisation frequency. While adults with GHD are known to have abnormal body composition, lipid profile and QoL, based on our findings, it is possible that the greater severity of these parameters in COCP patients compared with COH patients is related to their hypothalamic damage exerting a greater negative influence than does GHD per se. Additionally, in COCP patients compared with COH patients, the higher prevalence of visual field defects and ophthalmoplegia may be caused by tumour growth or recurrence and/or its associated effects of treatment on the visual pathways, whereas epilepsy may be the result of surgery or radiotherapy.
Despite receiving higher doses of GH, compared with COE patients, COCP patients had lower IGF1 SDS after 1 year of therapy and required higher GH doses at 5 years to achieve comparable IGF1 SDS. This may be due to the higher numbers of female COCP patients taking oral oestrogen replacement therapy, which may dampen the effects of GH in generating hepatic IGF1 secretion (25, 26) . In contrast to the effects of GH in consistently reducing fat mass when used to treat adults with GHD with other aetiologies (27, 28) , it is noteworthy that there was no significant fat mass reduction in COCP patients. Our findings are in accordance with the data obtained by Verhelst et al. (29) in adults with adultonset craniopharyngioma demonstrating improvements in lean body mass, but not fat mass after 2 years of GH therapy, suggesting a greater tendency of COCP patients to accumulate fat over time. Overall, similar responses were observed in all the three groups with respect to the lipid profiles after 1 and 5 years of GH replacement therapy. How GH contributes to dyslipidaemia remains ill-understood, but it may involve stimulatory effects on hepatic LDL receptors with increases in LDL clearance rates (30) . However, the possibility that some patients may have adopted a lowfat diet regimen or started taking lipid-lowering therapy cannot be discounted, as these data are not captured in the KIMS database.
After 1 year of GH replacement therapy, fasting glucose levels in COCP and COH patients and HbA1c levels in COCP patients decreased significantly, whereas after 5 years of GH replacement therapy, fasting glucose and HbA1c levels remained impaired in COCP patients, but stabilised in COH and COE patients. Trivin et al. (31) reported that greater hypothalamic involvement of the tumour before surgery is associated with the worsening of insulin resistance. Other possible mechanisms include the disinhibition of vagal tone in pancreatic b-cells leading to insulin hypersecretion and obesity (32) and higher GH dose requirements resulting in worsening glucose tolerance (33) .
Short-and long-term GH replacement therapy improved QoL and the level of and satisfaction with physical activity in all the three groups. However, when COCP patients were compared with COH and COE patients after 1 year of GH replacement therapy, there were no differences in changes in their level of and satisfaction with physical activity. After 5 years of GH replacement therapy, COCP patients reported changes in their level of and satisfaction with physical activity to a lesser degree compared with COE patients. Long-term effects of surgery and/or radiotherapy, as well as a higher prevalence of pituitary hormone deficits in COCP patients, could explain these observations.
There are several limitations to this study. For the cross-sectional analysis, the patients were identified based on their entry diagnosis in the database, whereas for the longitudinal analysis, we defined short-term GH effects as those resulting from treatment for 1 year and long-term GH effects arbitrarily as those resulting from treatment for 5 years to ensure that patients had received GH therapy for a reasonable duration. Furthermore, because data entered into KIMS rely upon local treatment practices and the discretion of the practising investigators, it is inevitable that there will be some selection bias in patient data entry. Finally, as KIMS is a large observational database that reflects daily clinical practice, it will be difficult to ascertain patient adherence, changes in dosing regimens and route of administration of other hormonal replacement therapies with each individual patient. While these limitations are inherent to data entry into KIMS, the major strengths of this study are that it comprises the largest series of adults with GHD due to COCP compared with those with two other relatively rare causes of CO hypothalamic-pituitary dysfunction and includes data recorded for more than 20 years for IGF1 levels measured within a time frame at a central laboratory utilising the same IGF1 assay methodology.
In conclusion, COCP patients demonstrated a higher prevalence of co-morbidities, most notably greater abnormalities of body composition, pituitary hormone deficits and visual field defects compared with COH and COE patients. These differences imply that COCP patients carry a significant excess metabolic and endocrine risk, which is greater than that carried by both COH and COE patients, and reinforce the findings of previous studies of higher morbidity and mortality rates in these patients (4, 34) . Overall, all the three groups responded comparably to short-and long-term GH replacement therapy, suggesting that COCP patients benefit from GH replacement therapy to a similar degree as those with other aetiologies of CO hypothalamic-pituitary dysfunction did. Because of greater co-morbidity and the comparable benefits of GH replacement therapy in COCP patients compared with COH and COE patients, we recommend early confirmation of GHD and initiation of GH replacement in COCP patients. 
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